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ABSTRACT 

An e j e c t o r  system f o r  ETS-1 a t  NFUE was s e l e c t e d  a t  t h e  completion of  t h e  

t e s t i n g  and a n a l y s i s  program of CY '63. During t h e  CY '64 program, t h i s  s e l e c t e d  

e j e c t o r  system w a s  sub jec t ed  t o  a s e r i e s  of system performance a n a l y s i s  tests f o r  

t h e  purpose of  provid ing  an  ope ra t iona l  map, as w e l l  as a h igh  l e v e l  of confidence 

i n  the p r e d i c t i o n  of opera t ion  of t h e  NES a t  NRDS. 

E j e c t o r  system performance ana lys i s  tests were f i rs t  conducted wi th  a 1/8 
The f u l l - s c a l e  p red ic t ion  of performance and ope ra t ion  w a s  s c a l e  model system. 

made, cover ing  design and off-design operat ion.  

RN-S-0099, "Performance C h a r a c t e r i s t i c s  of ETS-1 Nuclear Exhaust System, June 1964. 
This  w a s  r epor t ed  i n  REON Report 

A l / b - s c a l e  m o d e l e j e c t o r  system was b u i l t  and t e s t e d  t o  v e r i f y  t h e  s c a l i n g  

parameters  used and, consequently,  t o  increase  t h e  confidence l e v e l  of t h e  performance 

p r e d i c t i o n s  of t h e  f u l l - s c a l e  e j e c t o r  system. 

t o  t h e  1/8-scale d a t a .  

areas, t h e r e f o r e ,  t h e r e  i s  high confidence i n  t h e  p r e d i c t i o n  of performance and 

ope ra t ion  of t h e  NES a t  NRDS. 

The d a t a  w a s  ana lysed  and compared 

Data agreement was considered t o  be very good i n  a l l  

REON Technical  Systems Manager 
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FOFZNOFD 

This  r e p o r t  i s  presented  i n  p a r t i a l  f u l f i l l m e n t  of  SNP-1 Contract  Task Item 

3.1.3, which s ta tes  i n  p a r t :  "Provide t h e  engineer ing  e f f o r t  t o  p l an  and conduct 

a 1 /4-sca le  model gas dynamics program t o  v e r i f y  t h e  ope ra t ion  of t h e  ETS-1 NES." 

i i i  



INTRODUCTION 

This  r e p o r t  i s  t h e  f i n a l  p re sen ta t ion  of t h e  r e s u l t s  of t h e  e j e c t o r  s c a l e  

model t e s t  program, f o r  Contract  Year 1964, as t h e y  apply  t o  t h e  f u l l - s c a l e  Nuclear 

Exhaust System (NES) for Engine Test Stand Number One (ETS-1). 

Sec t ion  I of t h i s  r e p o r t  i s  devoted t o  t h e  p r e s e n t a t i o n  of t h e  des ign ,  t h e  

expected o p e r a t i o n a l  performance and the  necessary  f a c i l i t y  requirements  as 

determined by t h e  ope ra t ion  of t h e  NES. 

Sec t ion  I1 of t h i s  r e p o r t  i s  a p resen ta t ion  of t h e  r e s u l t s  of t h e  scale-model 

t e s t  programs and how these  r e s u l t s  were used t o  design t h e  NES, t o  p r e d i c t  i t s  

o p e r a t i o n a l  performance, and t o  determine t h e  necessary  f a c i l i t y  requirements.  

The major s i g n i f i c a n c e  of  t h i s  s e c t i o n  i s  t h a t  it p r e s e n t s  a comparison of  r e s u l t s  

from i d e n t i c a l  e j e c t o r  scale-model t e s t  programs c a r r i e d  out  f o r  two d i f f e r e n t  

s c a l e  s i z e s  (1/8 and 1/4). 
i n c r e a s e s  t h e  confidence of p r e d i c t i o n s  of performance f o r  t h e  f u l l - s c a l e  NES. 

Comparison of r e s u l t s  between these  two systems 

This  r e p o r t  i s  one of fou r  r e p o r t s  which de f ine  t h e  opera t ion ,  performance 

and handl ing of t h e  ETS-1 NES. The o ther  r e p o r t s  are:  

A. U s e  and Operat ional  Analysis  f o r  NES, RFON Report RN-S-0174 

B. Malfunction Analysis  f o r  NES, RFON Report RN-S-0103 

C .  Assembly and I n s t a l l a t i o n  Plan of NES Duct a t  ETS-1, REON Report Iw-S-0097. 

i v  



RN-S-0099 

SYSTEM DESCRIPTION 

Figure 1 shows t h e  e j e c t o r  conf igura t ion  t e s t e d .  The e j e c t o r  system c o n s i s t s  

of a n  en t rance  cone ( t o  s t a t i o n  5 2 . 3 ) ,  a second t h r o a t  ( t o  s t a t i o n  364.3), a sub- 

son ic  d i f f u s e r  ( t o  s t a t i o n  468.1), a 90' elbow, a con t r ac t ion  sec t ion ,  and a sec- 

ondary s a f e t y  purge system. The purpose of t he  secondary s a f e t y  purge system i s  

t o  a c t  a s  a n  aerodynamic check valve i n  case of an engine malfunction. Cer ta in  

types  of engine malfunctions would cause an ins tan taneous  stoppage of p rope l l an t  

t o  the engine which would r e s u l t  i n  a l a r g e  pressure  d i f f e r e n t i a l  between the  

atmosphere and the  engine compartment. The pressure  d i f f e r e n t i a l  would cause a 

flow of a i r  i n t o  t h e  e j e c t o r ,  r e s u l t i n g  i n  e i t h e r  an engine-compartment over- 

p r e s s u r i z a t i o n  or an explos ive  hydrogen-air  mixture i n  t h e  system. The steam 

flow from t h e  secondary s a f e t y  purge system prevents  t h i s  by maintaining a-con- 

t r o l l e d  i n e r t  atmosphere. 

The engine nozzles  t e s t e d  and repor ted  he re in  a r e  t h e  1O:l c o n i c a l  Aero je t  

The shape and l o c a t i o n  of nozzle  and the  12:l contoured RN-6 Rocketdyne nozzle .  

the  t e s t e d  and recommended t u r b i n e  exhaust nozzles  a r e  shown i n  Figure 2. 

The dimensions and to l e rances  concerned wi th  t h e  l o c a t i o n  of the  XE-1 

engine wi th  r e s p e c t  t o  t h e  ETS-1 duct en t rance  a r e :  

1. Nozzle e x i t  plane t o  duct en t rance  plane 
13 +01'/-4" a t  minimum dis tance  between planes 
( c o n s i s t e n t  wi th  plug shield c l ea rance )  

2. Nozzle c e n t e r l i n e  l a t e r a l  misalignment a t  nozzle e x i t  plane 
- +l" from duct  en t rance  c e n t e r l i n e  

3. Nozzle c e n t e r l i n e  a n g u l a r i t y  misalignment 
- +lo a t  the nozzle  e x i t  plane,  providing to l e rance  
No. 2 i s  not exceeded 

Although a l l  1/8- and 1/4-scale  model t e s t s  were performed s imula t ing  a 

9- inch c learance ,  i t  i s  be l ieved  t h a t  i nc reas ing  t h i s  t o  a maximum of 13 inches,  

which i s  now requi red  f o r  proper ly  i n s t a l l i n g  and removing the  engine,  w i l l  not 

adve r se ly  a f f e c t  t he  aerodynamic performance of t h e  e j e c t o r  system. 

aerodynamic s t a b i l i t y  might be a l t e r e d  b u t  damping func t ions ,  such a s  the  l a r g e  

engine compartment volume and s e a l  leakage f l u i d  surrounding t h e  engine working 

f l u i d ,  w i l l  probably prevent  any not iceable  increase  i n  i n s t a b i l i t y .  

The degree of 

v 
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I .  FULL-SCALE OPERATION 

A .  AERODYNAMIC 

1. Performance 

The expected engine compartment p re s su re  when t e s t i n g  t h e  

1O:l a r e a  r a t i o ,  c o n i c a l  NERVA nozzle i n  the  Nuclear Exhaust System a t  ETS-1 
i s  shown i n  F igure  1-1. Figure  1-2 shows the  expected engine compartment 

p re s su re  when t e s t i n g  t h e  12:l a rea  r a t i o ,  contoured Rocketdyne (RN-6) nozzle .  

2. Wall P res su res  and Mach Numbers 

The i n t e r n a l  wal l -pressure  p r o f i l e s  a r e  i l l u s t r a t e d  i n  t h e  

graphs i n  F igures  1-3 through 1-6. 
p re s su re  p r o f i l e s  and one dimensional f low, a r e  given i n  F igures  1-7 through 

1-10. 

The i n t e r n a l  Mach numbers, based on t h e  

3.  Off-Design Turbine Exhaust and S e a l  Leakage Flow 

The e f f e c t  of var ious t u r b i n e  exhaust  and s e a l  leakage flow 

r a t e s  on the  nozzle  e x i t  and the  engine compartment p re s su res  a r e  shown i n  

F igures  1-11 through 1-18. 
needed t o  cause flow sepa ra t ion  i n  the nozzle  a r e  w e l l  above t h e  expected 

1 . 5  l b / s e c  of N 
flow r a t e .  It should be emphasized t h a t  f low r a t e s  s i g n i f i c a n t l y  g r e a t e r  than 

those  expected inc rease  t h e  engine compartment p re s su re  and should be avoided. 

The s e a l  leakage and t u r b i n e  exhaust flow r a t e s  

s e a l  leakage and the prev ious ly  r epor t ed  va lues  of t u r b i n e  2 

4. Required Flow I n t o  Engine Compartment 

To e l imina te  inherent  i n s t a b i l i t y  i n  the  engine compartment 

pressure  j u s t  p r i o r  t o  p u l l  i n  it i s  necessary  t h a t  some gas  be introduced i n t o  

the  engine compartment dur ing  a t e s t  f i r i n g .  If the  amount of s i d e  s h i e l d  

s e a l  leakage,  and a c t u a t o r  b leed  i s  a s  expected t h e r e  i s  no problem. However, 

t h e r e  i s  a p o s s i b i l i t y  of no s i d e  sh i e ld  s e a l  leakage i n  which case it w i l l  be  

1-1 
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necessary  t o  add n i t rogen  t o  the  engine cornpartcent t o  make t h e  t o t a l  flow 

r a t e  of n i t rogen  a t  l e a s t  1 l b / s e c .  

t h i s  flow p lus  the  expected s e a l  leakage, i t  i s  recommended t h a t  t h i s  gas flow 

be added. 

Since the  system can adequately handle 

B. HEAT TRANSFER 

The f u l l - s c a l e  thermal  performance of the  duc t  was computed by 

a s teady  s t a t e ,  f u l l  power hea t  balance between t h e  ho t  gas  and the  coo lan t .  

The h o t  s i d e  hea t  t r a n s f e r  c o e f f i c i e n t s  were obta ined  by proper  s c a l i n g  of 

experimental  r e s u l t s .  The t e s t  data  obta ined  from t h e  impingement s i d e  of 

t he  e j e c t o r  were assumed t o  apply  completely around the  e j e c t o r  and were 

used t o  o b t a i n  the  f u l l - s c a l e  da t a  presented i n  t h i s  r e p o r t .  

r e s i s t a n c e  w i l l  c o n t r o l  t he  hea t  f l ux  t o  the  duc t  w a l l  and w i l l  determine the  

r equ i r ed  coolant  v e l o c i t y ,  coolan t  passage geometry and p res su re  drop such 

t h a t  s a f e  l e v e l s  of w a l l  temperature and the  des i r ed  l e v e l s  of coolan t  pres -  

su re  and o u t l e t  temperature w i l l  be maintained.  The water  manifolds a r e  so 

loca ted  t h a t  t h e  pressure  drop  i s  not excess ive  and the  coolan t  water  does 

no t  become s a t u r a t e d .  This a l lows  minimum water  consumption. The coolan t  

passage conf igu ra t ion ,  f low condi t ions ,  and r e s u l t s  of t h e  thermal  a n a l y s i s  

f o r  f u l l - s c a l e  opera t ion  a r e  shown in FiguEs 1-19 through 1-25. 

The h o t - g a s . s i d e  

The des ign  condi t ion  fo r  t he  ho t  side of t he  duct  w a l l  was assumed 

t o  be NERVA engine f u l l  power opera t ing  cond i t ions .  

malfunct ion condi t ion  was considered. This cond i t ion  r e s u l t s  from r e a c t o r  

core  "break-up," wi th  r e s u l t i n g  small p a r t i c l e s  of ho t ,  s o l i d  m a t e r i a l  t r a n s -  

v e r s i n g  t h e  duc t .  

h o t  g a s e s )  was assumed t o  be the  maximum obta inable ;  i . e . ,  black-body r a d i a t i o n  

and a l l  r a d i a n t  energy emi t ted  f a l l i n g  on t h e  i i i r > i c  c : 1 ' L L I C C  0 i c I 

I n  a d d i t i o n ,  an engine 

This added h e a t  f l u x  ( i n  a d d i t i o n  t o  convection from t h e  

(FEFV = LO). 

The fo l lowing  design l i m i t s  were used i n  the  heat-balance ca l cu la -  

t i o n s  f o r  t he  coolan t  pqssage design: 

1. Maximum w a l l  temperature not  t o  exceed 1150°F dur ing  normal 

o p e r a t i o n  ( s t ress  l i m i t )  

1-2 
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0 2. Naxirium design coolant s i d e  w a l l  temperature = 320 F. This 

i n s u r e s  no nuc lea te  b o i l i n g  i n  t h e  coolant passage a t  design p res su re .  During 

t h e  malfunct ion condi t ion ,  t he  major i ty  of t h e  duc t  cool ing  su r face  w i l l  oper- 

a t e  i n  t h e  nuc lea te  b o i l i n g  regime; thus  t h i s  r e s t r i c t i o n  a t  design al lows 

a margin of s a f e t y  dur ing  t h e  malfunction cond i t ions .  

3. 
This r e s t r i c t i o n  prevents  " f lash ing"  a t  t h e  o u t l e t .  

Maximum o u t l e t  bulk temperature a t  malfunct ion condi t ions  = 180°F. 

A coolant-passage w a l l  thickness  of .095 i n .  was used throughout 

t h e  e j e c t o r  system. This was a r r ived  a t  f o r  s a f e  ope ra t ion  dur ing  normal oper- 

a t i n g  condi t ions  by a s t ress  ana lys i s  wi th  input  temperatures  and temperature 

g r a d i e n t s  obtained from t h e  hea t  t r a n s f e r  a n a l y s i s .  

Burn-out h e a t  f l ux  is  a func t ion  of coolan t  v e l o c i t y  and subcooling. 

An inc rease  i n  e i t h e r  o r  both increases  the  maximum h e a t  f l u x  a t t a i n a b l e  wi th  

nuc lea t e  b o i l i n g .  The burn-out f l u x  was computed from two d i f f e r e n t  co r re l a -  

t i o n s  repor ted  i n  the  l i t e ra ture ' '*  and determined t o  be a f a c t o r  of two h igher  

than t h e  maximum f l u x  ca l cu la t ed  f o r  t h e  assumed malfunct ion ope ra t ion .  The con- 

d i t i o n  of minimum v e l o c i t y  and subcooling were used for t he  c a l c u l a t i o n  ( e x i t  

of Sec t ion  1). 

s a t i s f a c t o r i l y  dur ing  the  assumed malfunction cond i t ion .  

Therefore ,  from a thermal s tandpoin t  only,  t h e  duct  w i l l  ope ra t e  

C .  SAFETY PURGE 

The e j e c t o r  system must, a t  a l l  t imes,  exhaust t h e  hydrogen gas so 

t h a t  i t  can be s a f e l y  disposed of by burning.  A i r  must not  be allowed t o  mix 

wi th  t h e  hydrogen i n s i d e  the d u c t .  While the  engine i s  running, the  primary 

e j e c t o r  accomplishes t h i s  separa t ion  of a i r  and hydrogen; p r i o r  t o  s t a r t - u p ,  

t he  a i r  i s  rep laced  by n i t rogen  from the  p r e - f i r e  e j e c t o r  purge system loca ted  

i n  t h e  environmental  c e l l .  During engine cooldown wi th  hydrogen, t he  steam 

flow i s  maintained t o  preclude t h e  a i r .  

1 

'Louis Bernath,  "Predic t ions  of Heat Transfer  Burnout, " Prepr in t  No. 8, AICHE -, 
F. C .  Gunther, Transac t ions  of the ASME, E, (1951). 

Heat-Transfer  Symposium, Nat iona l  Meeting, L o u i s v i l l e ,  Ky, March 1955. 
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A major maifunction (e.g., rup tu re  of a main p rope l l an t  o r  s e i z u r e  

of a t u r b i n e )  can cause an instantaneous c e s s a t i o n  of f low t o  the  engine and, 

i n  t u r n ,  c o l l a p s e  t h e  e s t a b l i s h e d  shock s t r u c t u r e  i n  t h e  duc t .  Upon co l l apse  

of t h e  shock s t r u c t u r e ,  a l a r g e  pressure d i f f e r e n t i a l  ex i s t s  between t h e  engine 

compartment (P  

p res su re  g rad ien t  would f o r c e  i n  a i r ,  mix it  wi th  t h e  r e s i d u a l  hydrogen i n  the  

duc t ,  and c r e a t e  a n  explosive mixture.  

p r e s s u r i z a t i o n  of t h e  engine compartment and sepa ra t e  t h e  s i d e  s h i e l d s .  A 

secondary purge system i s  loca ted  a f t  of t h e  elbow t o  introduce t h e  s a f e t y  

purge f l u i d .  This  i n e r t  f l u i d  w i l l  f i l l  t he  engine compartment and prevent  

a i r  from e n t e r i n g  t h e  e j e c t o r  and w i l l  p r e sen t  ove r -p res su r i za t ion  i n  the  

event  of a malfunct ion,  a s  descr ibed.  

2 p s i a )  and the atmosphere (Fa = 12.8 ps i a  a t  NTS). This  
V =  

This  surge of gas would a l s o  cause over- 

The requi red  secondary safety-purge f l u i d  f o r  t h e  e j e c t o r  system 

i s  p r i m a r i l y  steam, with t h e  following p r o p e r t i e s :  

Ra t io  of  s p e c i f i c  h e a t s  1 .25 

Molecular weight 18- 21 

Nozzle s t agna t ion  pressure  100-115 p s i a  

Nozzle s t agna t ion  temperature  1600- 1700°R 

Flow r a t e  115-130 lb /sec  

Nozzle t h r o a t  a r ea  ll9 i n .  

The secondary s a f e t y  purge flow r a t e  i s  equa l  t o  t h e  sum of t h e  

choked flow r a t e  (97 l b / s e c )  required t o  fill the engine compartment without  

a l lowing  a i r  t o  e n t e r  t h e  e j e c t o r  i n  t h e  event  of an  ins tan taneous  te rmina t ion  

of t h e  r e a c t o r  working f l u i d ,  and the flow r a t e  (23 l b / s e c )  requi red  t o  prevent  

p e n e t r a t i o n  of 35-mph a i r  i n t o  t h e  e j e c t o r  ( see  Sec t ion  1,C). 

As pointed out  i n  the  past ,  t he  opera t ion  of the  e J e c t o r  system, a s  

a whole, i s  a f f e c t e d  t o  a g r e a t  degree by t h e  parameters of t he  secondary 

s a f e t y  purge f l u i d .  No a n a l y t i c a l  o r  empi r i ca l  a n a l y s i s  i s  c u r r e n t l y  a v a i l a b l e  

t o  p r e d i c t  t h e  e f f e c t s  of purge f l u i d  parameters .  Scale-model t e s t  d a t a  ind i -  

c a t e s  t h a t  t he  secondary purge f l u i d  mass flow r a t e  and t h e  systemn*are the  

main in f luenc ing  parameters.  During t h e  i n i t i a l  per iod  of s t a r t u p ,  o r  p r i o r  
* 

* 
s-l = ( ~ / m ) ” *  primary 

(T /m ) 1/2 s e c ond a r y  
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t o  p u l l - i n ,  t h e  secondary mass flow r a t e  e x e r t s  a very marked e f f e c t  cn per-  

formance. A l a r g e r  than  normal secondary mass flow r a t e  w i l l  r e s u l t  i n  a lower 

i n i t i a l  va lue  of engine compartment p re s su re .  A smal le r  than normal mass flow 

w i l l  cause an  inc rease  i n  the  engine compartment p re s su re  and, if engine oper- 

a t i o n  i s  dependent upon compartment pressure ,  t h i s  a r ea  might be one of major 

concern.  

t o  performance dur ing  the  i n i t i a l  s t a r t u p  t r a n s i e n t s .  

Reference 1 a l s o  ind ica t e s  t h a t  a h igh  va lue  o f f l c o u l d  be i n j u r i o u s  

The major e f f e c t  of R i s  f e l t ,  however, a t  the  s t a r t  po in t  of t h e  

e j e c t o r  system, a s  shown i n  Figure 1-26. 
t h e  e j e c t o r  system from s t a r t i n g .  A t  t h e  s t a r t  po in t  minor v a r i a t i o n s  i n  

secondary flow r a t e  w i l l  not e f f e c t  t h e  system ope ra t ion .  A l a r g e  inc rease  i n  

secondary flow w i l l ,  however, a c t  as  a n  aerodynamic b lock  t o  the  primary flow 

and could prevent  t he  e j e c t o r  from s t a r t i n g .  

An R v a l u e  beyond 5 .5  w i l l  prevent  

D. PRE-FIRE PURGE 

The engine compartment and t h e  e j e c t o r  must be purged wi th  an i n e r t  

gas p r i o r  t o  ope ra t ion .  The purge gas should be  introduced through many o r i f i c e s ,  

l oca t ed  a t  t he  t o p  of the  engine compartment and a t  po in t s  where a i r  could 

poss ib ly  be t rapped .  It i s  recommended t h a t  the  purging process  take  p lace  

over a t  l e a s t  a 100-sec per iod t o  allow thorough mixing t o  take  p l ace .  A 

checkout run  a t  NTS t o  determine the O2 content  i n  d i f f e r e n t  l o c a t i o n s  (corners ,  

t h r u s t  s t r u c t u r e ,  e t c . )  i n  t he  engine compartment a s  a func t ion  of p r e - f i r e  

purge flow dura t ion ,  i s  requi red  f o r  s a f e t y  cons ide ra t ions .  

t e n t  i s  b$ or l e s s  by volume. 

The s a f e  O2 con- 

E. EXHAUST PLUME 

The p red ic t ed  exhaust plume s i z e  and shape, based on t e s t  da ta  a s  

w e l l  a s  a n a l y s i s ,  i s  i l l u s t r a t e d  i n  F igure  1-27, and t h e  p red ic t ed  thermal  

r a d i a t i o n  from t h e  exhaust  plume t o  proximate su r faces  i s  i l l u s t r a t e d  i n  Figure 

1-28. 

I 
Experimental  Evaluat ion of Secondary Pumping Systems f o r  ETS-2, REON Report 
2680, December 1963. 

1-5 
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The accuracy of t h e  predicted flame l e n g t h  i s  est imated t o  be  t20% 
and -0%; t h a t  i s ,  t h e  flame can be up t o  2 0 %  longer  b u t  i t  i s  not  expected t o  

be any s h o r t e r .  

It i s  es t imated  t h a t  the f u l l - s c a l e  thermal  r a d i a t i o n  from the  ex- 

haus t  plume w i l l  not  be much higher  (wi th in  10%) than  t h e  h igher  values  presented 

i n  Figure 1-28, b u t  it i s  poss ib l e  t h a t  t h e  r a d i a t i o n  f l u x  could be much lower 

( p o s s i b l y  50%) than  t h e  values  presented i n  Figure 1-28. 

Temperature r i s e - t ime  data were c a l c u l a t e d  f o r  the  concre te  drainage 

d i t c h ,  f l o o r ,  wa l l s  and t h e  aluminum r a d i a t i o n  s h i e l d s .  The a n a l y s i s  and 

c a l c u l a t i o n s  are  presented  i n  REON Report RN-s-0168. 
repor ted  i s  f o r  a n  uncooled d i t c h  however, i t  i s  recognized t h a t  t h e  bottom of 

the  d i t c h  w i l l  have water  i n  i t  and t h e r e f o r e  concre te  damage should be non- 

e x i s t a n t .  

The temperature  r i s e - t ime  

It i s  recommended t h a t  thermocouples, ca lo r ime te r s  and/or radiometers  

be used t o  measure the  l o c a l  thermal r a d i a t i o n  f l u x  dur ing  the  checkout and pre- 

l iminary  t e s t s  (ambient hydrogen and low-power) a t  ETS-1. 

p o s i t i o n  ca lo r ime te r s  (1) on t h e  south dra inage  d i t c h  w a l l  (nea r  t o p  of t h e  w a l l  

and about 90 f t  below duct  e x i t ) ,  ( 2 )  on t h e  v a u l t  door (5  Ds above, and 10 Ds 
t o  t h e  s i d e  of t h e  duc t  e x i t  ), and (3) on t h e  s u p e r s t r u c t u r e  above t h e  concre te  

v a u l t  ( i n  l i n e  wi th  c e n t e r l i n e  of duct and 30 t o  60 f t  above t h e  vau l t  r o o f ) .  

Data obtained from these  prel iminary t e s t s  would serve a s  a check i n  p r e d i c t i n g  

the the rma l  r a d i a t i o n  f l u x  dur ing  f u l l  power t e s t s .  

It i s  recommended t o  

* 

F. ENGINE COMPARTMENT TEMPERATURE SURVEY 

An i n v e s t i g a t i o n  was conducted of t h e  temperature e f f e c t s  of engine 

assembly r a d i a t i o n  and of t h e  e f f e c t s  of poss ib l e  " s p i l l  back" of hydrogen gas 

on equipment loca t ed  i n  t h e  engine compartment. 

s e v e r a l  thermocouples loca t ed  i n  the  1 /4-sca le  engine compartment dur ing  a low 

l e v e l  (40% P ) and h igh  l e v e l  (100% Pc)  engine f i r i n g .  

t es t s  show t h a t  t h e  only  e f f e c t s  a r e  from thermal  r a d i a t i o n  from t h e  uncooled t e s t  

hardware.  

This cons i s t ed  of monitor ing 

The r e s u l t s  of t h e s e  
C 

* 
Ds = 4.33 f t  = i n t e r n a l  diameter  of duct  e x i t .  

1-6 
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The sur face  teEpera ture  dui-iiig f u l l - s c a l e  engine t e s t s  a r e  r e l a t i v e l y  

low; t h e r e f o r e ,  t he  hea t ing  r a t e s  t o  equipment loca t ed  i n  t h e  c e l l  should be 

r e l a t i v e l y  low. 

provided t o  engine ins t rumenta t ion  and o t h e r  e x t e r i o r  equipment. 

Consequently, it i s  be l i eved  t h a t  no s p e c i a l  coolan t  need be 

1-7 
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I NOTES. 

I. DIMENSIONS ARE IN INCHES. 

2 .  DIAMETERS ARE INTERNAL J 

7 7 3 . 3 R  
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Figure 1 

NES Subsonic Turn Ejec tor  
System f o r  Use at ETS-1 
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NOTES. 1. TURBINE EXHAUST FLOW AT DESIGN VALUE 
2. SAFETY PURGE - PSC=IOO-II~ psia, TSC= moo-1700 OR, W S = I I ~ - I ~ O I ~ / ~ C ,  ms= 18 - 21 
3. SEAL LEAKAGE FLOW = 0-2 Ib/sec AMBIENT N2 
4. Pa = 12.8 psia 

0 200 300 400 500 600 700 800 

ENGINE CHAMBER PRESSURE ( pria) 

Figure 1-1 

Engine Compartment Pressure 
vs 1O:l Conical NERVA Nozzle 

Chamber Pressure 
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NOTES. 1. TURBINE EXHAUST FLOW AT DESIGN VALUE 
2. SAFETY PURGE-Psc=IOO-I15psia, Tsc=1600-170O0R, Ws=115-1301b/sec, ms= 18 -21 
3 .  SEAL LEAKAGE FLOW = 0 - 2  Ib/sec AMBIENT N2 
4. Pa = 12. 8 psia 
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Figure 1-2 

Engine Compartment Pres sure  
vs 12:l Contoured NERVA Nozzle 

Chamber Pressure 
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Figure 1-3 

Ejector Wall Pressures when Test- 
i ng  the 1O:l Nozzle, 40% Pc 
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Figure 1-4 

Ejector Wall Pressures when 
Testing the 1 O : l  Nozzle, loo$ Pc 
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Figure 1-5 

Ejector Wall Pressures when 
Testing the 12:l Nozzle, 4% Pc 
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Figure 1-6 

Ejec tor  Wall Pressures when 

C 
Testing the 12:l Nozzle, 10% P 
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Figure 1-7 

Mach Numbers when Tes t ing  
the 1O:l Nozzle, 40% P 
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'ON H3VW 

Figure 1-8 

Mach Numbers when Testing 
the 1 O : l  Nozzle, loo$ Pc 
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Figure 1-9 

Mach Numbers when Test ing 
%he 12:l Nozzle, 40% Pc 
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Figure 1-10 

Mach Numbers when Testing 
the l 2 : l  Nozzle, loo$ Pc 
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NOTES. 
1. Po = NOZZLE EXIT PRESSURE, Pv = ENGINE COMPARTMENT PRESSURE 
2. Np SEAL LEAKAGE = 1.5 Ib/roc 
3. SAFETY PURGE AT DESIGN VALUE 
4. Pa = 12.8 pria 

0 5.0 10.0 15.0 

W TURBINE EXHAUST (Ibs/sec) 

Figure 1-11 

Nozzle Exit and Engine Compartment 
Pressures vs Turbine Exhaust Flow Rate 

when Tes t ing  the  1O:l Nozzle, 40% P, 

20.0 
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NOTES. 
I. Pe = NOZZLE EXIT PRESSURE, Pv = ENGINE COMPARTMENT PRESSURE 
2 .  N2 SEAL LEAKAGE = 1.50 Ib/rec 
3. SAFETY PURGE AT DESIGN VAWE 
4. Pa = 12.8pr ia  

0 5.0 10.0 15.0 

W TURBINE EXHAUST (Ibs /set) 

Figure 1-12 

Nozzle Exit and Engine Compartment 
Pressures vs Turbine Exhaust Flow bte 
when Testing the 10: 1 Nozzle, lo?$ P, 

20.0 
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NOTES. 
1. Po = NOZZLE EXIT PRESSURE, Pv = ENGINE COMPARTMENT PRESSURE 
2.TURBINE EXHAUST FLOW AT DESIGN VALUE 
3. SAFETY PURGE AT DESIGN VALUE 
4. Pa=12.8pria 

100.0 

W SEAL LEAKAGE (Ib/roc) 

Figure 1-15 

Nozzle Exit and Engine Compartment 
Pressures  vs Seal  Leakage Flow Rate 

when Test ing t h e  1 O : l  Nozzle, 40% P 
C 
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NOTES. 
1. Pa = NOZZLE EXIT PRESSURE, Pv = ENGINE COMPARTMENT PRESSURE 
2. TURBINE EXHAUST FLOW AT DESIGN VALUE 
3. SAFETY PURGE AT DESIGN VALUE 
4. Pa = 12.8 p i a .  

0 !iQO n.0 

k SEAL LEAKAGE (Ib/Sec) 

Figure 1-14 

Nozzle Exi t  and Engine Compartment 
Pressures vs Sea l  Leakage Flow Rate 

when Testing t h e  1 O : l  Nozzle, 106 P 
C 

100.0 
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NOTES. 
1. Pe = 

3. SAFETY PURGE AT DESIGN VALUE 
4. Pa= l2,8 psio 

NOZZLE EXIT PRESSURE, Pv = ENGINE COMPARTMENT PRESSURE 
2. N2 SEAL LEAKAGE = 1.50 Ibs/sec 

0 5.0 10.0 15.0 

W TURBINE EXHAUST (Ib/sec) 

Figure 1-15 

Nozzle Exit and Engine Compartment 
Pressures vs Turbine Exhaust Flow 

Rate when Testing t h e  l2:l Nozzle, 40% Pc 

20.0 
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NOTES. 
I. Pe = NOZZLE EXIT PRESSURE, Pv = ENGINE COMPARTMENT PRESSURE 
2. N2 SEAL LEAKAGE = 1.50 Ib/sec 
3. SAFETY PURGE AT DESIGN VALUE 
4.  Pa = 12.8 psi0 

I ." 
0 5.0 10.0 15.0 

W TURBINE EXHAUST (Iblsec) 

Figure 1-16 

Nozzle Exi t  and Engine Compartment 
Pressures vs Turbine Exhaust Flow 

Rate when Testing the  12:l Nozzle, 100% Pc 
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NOTES. 
I .  Pe = NOZZLE EXIT PRESSURE, Pv = ENGINE COMPARTMENT PRESSURE 
2. TURBINE EXHAUST FLOW AT DESIGN VALUE 
3. SAFETY PURGE AT DESIGN VALUE 
4. Pa = 12.8pria 

0 25.0 50.0 75 .o 

W SEAL LEAKAGE ( Ib/rec) 

Figure 1-17 

Nozzle Exi t  and Engine Compartment 
Pressures vs Seal Leakage Flow Rate 

when Test ing the l 2 : l  Nozzle, 40% Pc 

100.0 
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NOTES. 
1. Pa = NOZZLE EXIT PRESSURE, Pv = ENGINE COMPARTMENT PRESSURE 
2. TURBINE EXHAUST FLOW ATDESIGN VALUE 
3. SAFETY PURGE AT DESIGN VALUE 
4. Pa = 12.8 pria 

0 25.0 50.0 75.0 

W SEAL LEAKAGE (Ib/sec) 

Figure 1-18 

Nozzle E x i t  and Engine Compartment 
Pressu re  vs S e a l  Leakage Flow Rate 

when Tes t ing  the l2:l Nozzle, lo@ Pc 

100.0 



FLOW 

Section I 
Section II 
Section 111 

CONDIT ___- 

C a I c u I ated Max. 
Min. Press Nom. Temp. at Overload Operation A P  Manif. to 

at Duct Inlet DucJ lniet BlIk Bubk Temp. Manif. 
GP M psig F F F psi 

8,650 193 85 180 14 0 62 
11,600 190 85 180 14 0 139 
10,500 192 85 180 14 0 68 d 
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ONS 

,937 0.0. Tube 
x.095 Wall 

TYPICAL ELBOW (Section I I )  

r.090 r o4O 

I L.090 U I . 0 0  

TYPICAL STRAIGHT SECTION 
(Sections I 8 111) 

Figure 1-19 

Coolant Passage Configuration and Flow Conditions 



.GAS SIDE HEAT TRANSFER COEFFICIENT VS DUCT STATION 

ETS-I SUBSONIC TURN EJECTOR SYSTEM 
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LENGHT O F  DUCT ALONG CENTER L INE,  STATION, (IN.) 

Figure 1-20 

Gas-Side Heat Transfer  Coeff ic ien t  vs Duct S t a t i o n  
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HEAT FLUX VS DUCT STATION 
ETS-I SUBSONIC TURN EJECTOR SYSTEM 

0 100 2 0 0  300 400 500 600 700 800 900 1000 1100 1200 

LENGTH OF DUCT ALONG CENTER LINE, STATION, (IN.) 

Figure 1-21 

Heat Flux vs Duct S t a t i o n  
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Figure 1-22 

Gas-Side Wall Temperature vs Duct S t a t i o n  
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Wall Temperature Change vs Duct S t a t i o n  
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LIQUID SIDE HEAT TRANSFER COEFFICIENT VS DUCT STATION 

ETS - I SUBSONIC TURN INJECTOR SYSTEM 
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Figure 1-24 

Liquid-Side Heat Transfer  Coef f i c i en t  vs Duct S t a t i o n  
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COOLANT BULK TEMPERATURE VS DUCT STATION 
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Coolant Bulk Temperature vs Duct S t a t i o n  
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NOTES. 1. TURBINE EXHAUST FLOW AT ENGINE DESIGN VALUE 
2. SAFETY PURGE-Psc=100-115psia, Tsc= 1600-1700 O R ,  Ws= 115-1301b/sec, ms=18-21 
3. SEAL LEAKAGE FLOW = 0 - 2  Ib/sec AMBIENT N2 
4. Pa = 12.8 psia 
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Figure 1-26 

E f f e c t  of Off-Design Safe ty  Purge on S t a r t i n g  Pressure  
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Figure 1-27 

Pred ic t ed  Hydrogen Exhaust Plume Size and Shape 
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11. METHOD AND CONFTDEDICE OF PREDICTIONS 

A .  AERODYNAMICS 

1. Performance 

The performance of t h e  ETS-1 e j e c t o r  system i s  inf luenced  by 

two major f a c t o r s ;  t he  mass flow of secondary purge f l u i d  and t h e  r e l a t i v e  

v e l o c i t y  of t h e  primary and secondary f l u i d s  a t  t h e  point  of impingement of t h e  

two s t reams,  commonly known a s  t h e n f a c t o r .  

The secondary s a f e t y  purge system while a c t i n g  t o  prevent  a i r  

backflow i n t o  t h e  e j e c t o r  i n  case of sudden engine flow te rmina t ion  a l s o  a c t s  

t o  reduce t h e  engine compartment pressure  p r i o r  t o  and f o r  t h e  i n i t i a l  po r t ion  

of engine s t a r t .  

p r i o r  t o  engine s t a r t  i s  a func t ion  of t he  secondary s a f e t y  purge chamber pres -  

sure; t h e  h igher  t h e  chamber pressure ,  t he  lower t h e  compartment p re s su re  and 

v i ce  ve r sa .  F igures  1-1 and 1 - 2  show t h a t  when the  secondary s a f e t y  purge 

system i s  ope ra t ing  a t  design condi t ions  the  engine compartment pressure  i s  

reduced from 12.8 ps i a  (Nevada ambient) t o  7.8 p s i a ,  a reduct ion  of  5 p s i a .  

The performance of the  e j e c t o r  system dur ing  t h e  i n i t i a l  per iod of engine 

s t a r t u p  i s  a d i r e c t  func t ion  of t h e  secondary purge system chamber p re s su re .  

The amount of pressure  reduct ion  i n  t h e  engine compartment 

The o t h e r  l a r g e  inf luenc ing  f a c t o r  i n  t h e  performance of 

t he  e j e c t o r  system i s n .  

i n  p re s su re  a s 2 2  i s  increased .  

( s t a r t ) ,  from an  f i  of 3.5 t o  5.5, t he re  i s  an inc reas ing  P 

the  e j e c t o r  and a n f i o v e r  5 .5  w i l l  prevent the  e j e c t o r  from s t a r t i n g .  

Figure 1-25 shows t h e  e f f e c t  on the  primary p u l l  

Up t o  a n 1 2  of 3.5 the re  i s  no e f f e c t  on pc 

requi red  t o  s t a r t  
C 

It i s  known t h a t n e f f e c t s  t h e  Pc and P r e l a t i o n s h i p  dur ing  

t h e  i n i t i a l  s t a r t u p  per iod b u t  the exact  r e l a t i o n s h i p  i s  not  known. It can be 

expected,  however, t h a t  t he  h ighe r  the R value ,  t h e  h igher  w i l l  be  the  engine 

compartment pressure  f o r  a given value of Pc. 

V 

When comparing the 1 /4-sca le  t o  the  1 /8-sca le  performance 

Curves f o r  bo th  the  1O:l and 1 2 : l  nozzle,  the  above discussed performance in-  

f l u e n c i n g  parameters (Psc a n d n )  can be u t i l i z e d  t o  account f o r  d i f f e r e n c e s  

i n  t h e  1/4- and 1 /8-sca le  d a t a .  For t h e  1O:l nozzle  (shown i n  Figure 11-l), t h e  
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secondary chamber pressure  was 25 ps i  h igher  dur ing  the l / h - sca l e  t e s t ,  which 

would account f o r  t he  major i ty  of the d i f f e r e n c e  i n  t h e  two curves.  However, 

a t  p u l l  i n .  t h e r e  was a d i f f e r e n c e  of 0 .4  i n  R w h i c h  would r e s u l t  i n  a d i f f e r -  

ence of 6 p s i  i n  t h e  s t a r t i n g  chamber p re s su re .  

I n  comparison of  the 12:l nozzle  t e s t s  (F igure  11-2) ,  bo th  

appear t o  have a l a r g e  e f f e c t  upon performance, e s p e c i a l l y  du r ing  

Up t o  100 p s i  chamber pressure ,  t h e r e  

Psc and 

t h e  i n i t i a l  per iod of engine s t a r t u p .  

was approximately a 22-psi d i f f e rence  i n  Psc, 1 /4  s c a l e  having t h e  lower va lue .  

Also, t h e  value of A I  f o r  the  1/4 sca l e  system ranged from 4.8 a t  s t a r t  of run  

t o  4.0 a t  p u l l  i n .  
by tes t  s tand  l i m i t a t i o n s .  

secondary,  and had a n f l v a l u e  of about 1 f o r  t h e  e n t i r e  run .  

This  change i n n d u r i n g  s t a r t  on the  l / b - sca l e  t e s t  was caused 

The 1/8 s c a l e  t e s t  used n i t rogen  f o r  bo th  primary and 

Both t h e  d i f f e rences  i n  P and l l c o n t r i b u t e  t o  the  d i f f e r -  sc  
ences between t h e  1 /4  and 1/8 s c a l e  curves  of F igures  11-1 and 11-2. 

A L L - - -  1 1 1 1  - - e l  - C ^ ^ C ^  Ln-r,. ,.hr\r7n +hQ+ T.rhnn W ~ l l C J .  I/ -T-13CIu.Lc " L - I J V U  * L U " C I  U I I " * " I I  " L A - "  ..LA-&. ;P - 0 end. P 
C sc  

= 100 p s i a  then  Pv = 7.5 p s i a .  

l / b - s c a l e  curve shown i n  F igure  11-2 down t o  the  1 /8-sca le  curve.  

P = 100 p s i a  the  va lue  of P 

A= 4.5 a s  obtained dur ing  t h e  12:l nozzle s t a r t u p  t e s t .  

comparison i s  the  s t a r t  p o i n t .  The value of fl a t  t h i s  chamber pressure  du r ing  

t h i s  t e s t  was 4.0. F igure  1-28 shows t h a t  i f A w a s  a t  o r  below t h e  expected 

f u l l  s c a l e  value of 3.4 in s t ead  of 4.0 t h e  s t a r t i n g  pressure  would have been 

Zecreased by about 15 p s i .  

a t  t h e  t h r e e  va lues  of Pc ( 0, 100 and 180) d iscussed  above, t h e  1 /4  s c a l e  

co r rec t ed  da ta  fo l lows  t h e  1/8 sca le  t e s t  d a t a  very  c l o s e l y .  

This would b r i n g  t h e  i n i t i a l  po r t ion  of t h e  

Also a t  

= 4.5 ps i a  whenR 3 i n s t e a d  of 6.5 f o r  - C V 
The t h i r d  po in t  of 

Correct ing the  l / b - s c a l e  t e s t  da t a  of Figure 11-2 

2 .  Wall P res su res  and Mach Numbers 

Comparison of the 1/4-  t o  1 /8-sca le  pressure  and Mach number 

da t a  i s  sliown i n  F igures  11-3 through 11-10. Figure 11-11 shows t h e  l o c a t i o n  

of t h e  pressure  t a p s  f o r  t hese  t e s t s .  The o v e r a l l  p ressure  l e v e l  of t h e  1/4- 
s c a l e  system downstream of t h e  second t h r o a t  i s  s l i g h t l y  h igher  than t h a t  

monitored dur ing  the  1 /8-sca le  program. For convenience and ease  of t e s t i n g ,  
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t h e  1 /8-sca le  pressure  p r o f i l e  t e s t s  were conducted wi th  n i t rogen  f o r  bo th  

primary and secondary f l u i d .  

t es t s  i t  was thought t h a t  perhapsf icould have some inf luence  on t h e  p re s su re  

d i s t r i b u t i o n  i n  t h e  subsonic por t ion  of  t h e  e j e c t o r  system. This could be 

caused by t h e  same aerodynamic blockage e f f e c t  t h a t  causes  a decrease i n  per-  

formance a t  h i g h e r f i  ' s .  

nozzle  has a lower v e l o c i t y  than the hydrogen primary gas .  The hydrogen i s  

dece le ra t ed  through momentum t r a n s f e r  t o  t h e  s a f e t y  purge f l u i d ,  r e s u l t i n g  i n  

increased  pressure  of t h e  hydrogen a t  the  primary e j e c t o r  e x i t .  This  h ighe r  

p re s su re  of t h e  e j e c t o r  means a lower Mach number i n  the  subsonic po r t ion  

of t h e  primary e j e c t o r  a s  w e l l  a s  a more uniform flow d i s t r i b u t i o n  i n  the  elbow. 

A s  more knowledge was obtained from the  l / k - sca l e  

A t  a high value o f f L ,  n i t rogen  from the  s a f e t y  purge 

The supersonic  region of t h e  duc t  w i l l  not be a f f e c t e d  by t h e  

flow i n t e r a c t i o n  and i s  independent of t h e  types  of f l u i d s  ( N  

t h e  system. The, so  c a l l e d ,  tu rbulen t  mixing r eg ion  which c o n s i s t s  of a super- 

sonic  core  and subsonic  boundary w i l l  be  s l i g h t l y  a f f e c t e d  by the  inc rease  i n  

p re s su re  i n  t h e  subsonic po r t ion  of t h e  d u c t .  

o r  H ) used i n  2 2 

The use of hydrogen a s  t h e  primary f l u i d  and n i t rogen  a s  t h e  

secondary f l u i d  s imula tes  t he  condi t ions expected on f u l l  s c a l e .  The p red ic t ed  

p res su re  and mch-number curves i n  Sect ion I a r e  based on t h i s  scale-model t e s t  

cond i t ion .  

3. Turbine Exhaust 

The 1 /8-sca le  data i s  i n c o n s i s t e n t  i n  t h a t  some cases  the  

engine compartment pressure  (P,) i s  h ighe r  than  t h e  nozzle e x i t  p ressure  ( P  ) .  
The reasons  a r e  the  same a s  s t a t e d  f o r  t he  s e a l  leakFqe t e s t s .  The comparison 

of  the two programs i s  shown i n  Figures  11-12 through 11-15, and 11-20, and 

11-21. 

e 

The l / b s c a l e  program was c o n s i s t e n t  and r epea tab le  and pressure  

readings  were v e r i f i e d  by the  mercury manometer. 

Therefore ,  t he  l / b - sca l e  da t a  i s  i n d i c a t i v e  of the performance 

expected from t h e  f u l l - s c a l e  duc t .  
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4. S e a i  Leakage 

Refer t o  F igures  11-16 through 11-19 and 11-22 through 11-25, 

which compare t h e  r e s u l t s  of t h e  1 /8-sca le  and l / h - sca l e  t e s t s .  

Tests condi t ions  f o r  a l l  tes ts  were n e a r l y  i d e n t i c a l ,  secondary 

e j e c t o r  and t h e  tu rb ine  exhaust were a t  des ign  va lues ,  N2 s e a l  leakage was i n t r o -  

duced a t  t h e  t o p  of the  engine compartment and increased  u n t i l  t h e  engine com- 

partment pressure  reached ambient. 

The curves show the da t a  po in t s  f o r  bo th  1/8 and 1 /4  s c a l e  and 

the  l i n e  i s  f a i r e d  through t h e  l / b - sca l e  r e s u l t s .  

During the  1/8-scale t e s t  program d i sc repanc ie s  were noted i n  

bo th  t h e  nozzle  ex i t  pressure  ( P  ) and engine compartment pressure  ( P  ) . Re- 

dundant gages were i n s t a l l e d  t o  monitor P and P bu t  i n  most cases ,  t h e  two 

readings  d id  not ag ree .  The two gages a t  each l o c a t i o n  were of two sepa ra t e  

types .  Type I gages, which a r e  designated P -1 and P -1, a r e  abso lu te  pressure  

gages c a l i b r a t e d  from 0 t o  5 p s i a ,  with a mechanical s t o p  a t  approximately 

7 p s i a .  Type I1 gages, which a r e  designated P -2 and P -2, were c a l i b r a t e d  

from 0 p s i a  t o  ambient.  It was f e l t  t h a t  the  p re s su re  reg ion  of concern would 

be i n  the  range of t he  Type I gage and t h a t  t h i s  type of gage would y i e l d  da t a  

of g r e a t e r  accuracy.  

Pe-2 would d i f f e r  by 2 p s i .  

e V 

e V 

e v 

e V 

This  was not the case ,  f o r  ( i n  some i n s t a n c e s )  P -1 and e 

S teps  were taken t o  prove or disprove the  v a l i d i t y  of one of 

t h e  gages.  Some of t h e  poss ib l e  problem areas could be a t t r i b u t e d  t o :  

a .  I n c o r r e c t  c a l i b r a t i o n  procedures 

b .  Kalfunct ion of t h e  gages 

e .  Poss ib l e  leak i n  ins t rumenta t ion  l i n e .  

S t eps  t o  r e c t i f y  the problem cons i s t ed  o f :  

a .  Pre- and pos t - ca l ib ra t ion  

b .  Close scru t iny  of c a l i b r a t i o n  procedure 

e .  Leak check the system. 
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None of these  checks proved f r u i t f u l .  

Due t o  t h e  problem a r e a s  encountered dur ing  t h e  1/8 s c a l e  pro- 

gram, emphasis was put on: 

a .  Smoothness of nozzle wa l l s  a f t e r  pressure  t a p s  were 

i n s t a l l e d  

b .  A mercury manometer was i n s t a l l e d  t o  v e r i f y  t h e  pressure  

and Pv. readings  obtained by t h e  pressure  t ransducers  P e 

Both of these  measures proved q u i t e  successfu l ;  t h e r e f o r e ,  t h e r e  

i s  much g r e a t e r  confidence i n  t h e  performance p red ic t ed  by the  l / k - sca l e  d a t a .  

5 .  Required Flow i n t o  the  Engine Compartment 

During some of the i n i t i a l  1/8 s c a l e  t e s t s  performed i n  t h e  

e a r l y  part of CY ‘ 6 4 , i n s t a b i l i t y  i n  t h e  engine compartment pressure  j u s t  p r i o r  

t o  t h e  p u l l  i n  of t he  e j e c t o r  was not iced.  This i n s t a b i l i t y  was shown t o  be a 

r e s u l t  of t h e  l a r g e  d i f f e r e n c e  i n  area between the  nozzle  e x i t  (1O:l o r  12:l 

a rea  r a t i o  nozz le )  and t h e  e j e c t o r  en t rance .  

l a r g e  a rea  d i f f e r e n c e  cannot be reduced mechanically because of t he  necess i ty  

for  25:l a rea  r a t i o  nozzle  t e s t i n g  c a p a b i l i t y .  It was also not iced  t h a t  when 

the re  was flow from the  t u r b i n e  exhaust nozzles  t h a t  t h i s  i n s t a b i l i t y  disappeared.  

The t u r b i n e  flow e s s e n t i a l l y  ac t ed  t o  reduce the  en t rance  a r e a  and second t h r o a t  

a r ea  of t h e  e j e c t o r  which i n  t u r n  reduced the  e j e c t o r  a rea  r a t i o  and enabled 

t h e  o v e r a l l  s t a r t i n g  pressure  t o  be reduced a s  w e l l  a s  e l imina t ing  t h e  i n s t a b i l i t y .  

It shoulci be mentioned t h a t  t h i s  

The tu rb ine  exhaust nozz les  f o r  t h e  above descr ibed  t e s t s  were, 

however, l o c a t e d  i n  t h e  r o l l  con t ro l  p o s i t i o n  (above the  eng ine ) .  

t i o n ,  t h e r e  would always be uniform flow surrounding t h e  engine and nozzle  t o  

a c t  a s  an  i n s t a b i l i t y  e l imina to r .  

I n  t h i s  posi-  

When t h e  t u r b i n e  exhaust nozzles  were r e loca ted  a t  the  primary 

nozzle  e x i t ,  t h i s  e l imina ted  the  source of flow i n t o  the  ?ngine compartment. 

There was, however, s t i l l  the  flow of n i t rogen  coming from t h e  s e a l s  b u t  i t  i s  

p o s s i b l e  t h a t  t h i s  s e a l  leakage flow could be minimal l eav ing  no extraneous flow 

e n t e r i n g  t h e  engine compartment. 
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A t e s t ,  dur ing  the l / k - sca l e  program, i n  which t h e r e  uas  no 

s e a l  leakage confirmed t h a t  i n s t a b i l i t y  and a n  inc rease  i n  primary p u l l  i n  

p re s su re  would occur .  Since t h e  system can adequate ly  handle 1 lb /sec  plus t h e  

expected s e a l  leakage,  i t  i s  recommended t h a t  t h i s  1 lb / sec  ambient N2 gas flow 

be added. 

The gas can be added through t h e  p r e - f i r e  purge system modi- 

f i e d  w i t h  a low flow r a t e  by-pass valve on the  main system. 

B. HEAT TRANSFER 

Conversion of t h e  s c a l e  model hea t  t r a n s f e r  c o e f f i c i e n t  da t a  t o  the  

f u l l - s c a l e  condi t ion  r equ i r ed  t h a t  a c o r r e l a t i o n  be developed t o  i n t e r p r e t  t h e  

t e s t  d a t a .  Since the  Mach number and mass flow r a t e  vary  along t h e  w a l l  i n  a 

manner no t  amenable t o  a n a l y s i s ,  i t  was decided t o  convert  the  d a t a  t o  a turbu-  

l e n t  pipe-flow c o r r e l a t i o n  form, with t h e  assumption t h a t  the a x i a l  l o c a t i o n  of 

t h e  shock wall-attachment po in t s  and the  v a r i a t i o n  of M c h  number wi th  a x i a l  

d i s t a n c e  w i l l  bo th  be func t ions  of e j e c t o r  pressure  r a t i o .  Ins t rumenta t ion  

l o c a t i o n  f o r  t h e  hea t  t r a n s f e r  tes ts  i s  shown i n  F igure  11-26. 

Thus, from t u r b u l e n t  pipe flow c o r r e l a t i o n  theory,  t h e  parameter 
.4  .2 .8 

h T, D /Pc f o r  geometr ica l ly  s i m i l a r  e j e c t o r  systems should form a s i n g l e  

curve when p l o t t e d  versus  d i s t a n c e  a long  t h e  e j e c t o r  c e n t e r  l i n e .  Figure 11-27 

shows t h i s  p l o t  a t  100% P, f o r  t h e  1/8- and l /k - sca l e  t e s t  da t a  f o r  t h e  s e l e c i e d  

e j e c t o r .  

on s e v e r a l  runs  and i s  t h e  upper 3 u l i m i t  of t he  d a t a ,  while  t h e  1/4 s c a l e  da t a  

i s  f o r  one run only .  

d i f f e r e n c e  between the  1/8- and l / b - sca l e  d a t a  i s  noted i n  the  second t h r o a t -  

ex i t  r eg ion  ( L s  400 i n . ) .  This reg ion  i s  cha rac t e r i zed  by a supersonic  core  

(wi th  shocks)  surrounded by a subsonic passage, w i t h  mass and momentum c ross ing  

t h e  boundary of t h e  core  and subsonic reg ion .  A s  a func t ion  of d i s t ance  down- 

s t ream, t h e  core  diameter  decreases  (wi th  shock "at tached" t o  the  boundary in-  

s t ead  of t h e  phys ica l  w a l l ) ;  t hus ,  the subsonic r eg ion  sees  a d i f f u s i n g  passage 

and t h e  o v e r a l l  e f f e c t  of increas ing  s t a t i c  pressure  i s  r e a l i z e d .  However, t h i s  

o v e r a l l  e f f e c t  i s  three-dimensional  i n  na ture  and appa ren t ly  a func t ion  of duc t  

The 1 /8-sca le  l i n e  (used t o  design the  f u l l - s c a l e  e j e c t o r )  i s  based 

The l / h - sca l e  da t a  i s  i n t e r p r e t e d  by t h e  dashed l i n e .  A 
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diameter  t h a t  i s  not accounted f o r  by the one-dimensional t u rbu ien t  pipe-flow 

c o r r e l a t i o n .  The c o e f f i c i e n t s  used f o r  t he  full s c a l e  duc t  design were sca l ed  

from t h e  1 /8-sca le  d a t a ,  t hus  al lowing conserva t ive  estimates of thermal  per-  

formance i n  t h i s  reg ion .  

Good agreement i s  noted i n  the i n i t i a l  shock reg ion  a s  t o  t h e  form 

and l o c a t i o n  of t he  peaks and va l l eys ,  i n d i c a t i n g  t h a t  the shock s t r u c t u r e  i s  

the  same f o r  bo th  systems. 

h e a t - t r a n s f e r  c o e f f i c i e n t  i s  noted.  This  w i l l  cause an  inc rease  i n  the l o c a l  

wa l l  temperature  on the  hot  gas s i d e  of t he  e j e c t o r  by approximately 1246. 

w i l l  not  a f f e c t  the s a f e  ope ra t ion  of the duc t .  

Level  wise, near  t h e  en t rance ,  a 25$ i nc rease  i n  

This  

A divergence of the data  i s  noted i n  the secondary e j e c t o r  e x i t  

r eg ion  (L Z 1000 i n . ) .  

f i t t e d  t o  the e x i t .  

The 1/8-scale  da t a  was taken without  a 45' e x i t  elbow 

The curve shown i s  an  e s t ima te  of the e f f e c t  o f  a 45' 
elbow and was obtained by applying a correct ion '  t o  the da ta  acquired without  

t h e  elbow. 

ex i t  of t h e  secondary e j e c t o r ,  and the d a t a  shows no r i se  i n  hea t ing  r a t e  due 

t o  t h e  presence of the elbow. 

d ra inp ipe  while  the 1 /8-sca le  duc t  was n o t .  

based on t h e  1 /8-sca le  d a t a  which i n d i c a t e s  t h a t  i f  the  l / b - sca l e  da t a  i s  

c o r r e c t ,  t h e  f u l l  s c a l e  e x i t  reg ion  temperatures  a r e  ove r s t a t ed .  

The l /k - sca l e  t e s t  da t a  was taken w i t h  a 45' elbow a t tached  t o  the 

However, the l / k - sca l e  duct  was f i t t e d  w i t h  a 

Again, the  f u l l  s c a l e  design was 

F igure  11-28 i s  presented t o  show the e f f e c t s  of chamber pressure  

(or  e j e c t o r - p r e s s u r e  r a t i o )  on h e a t - t r a n s f e r  c o e f f i c i e n t s .  

be expected,  t h e  l e v e l  i s  lower and lower temperatures  w i l l  p r e v a i l .  However, 

i n  the t u r b u l e n t  mixing reg ion ,  the 40%-Pc run shows the hea t  t r a n s f e r  c o e f f i c i e n t  

va lues  t o  be  of the same o r d e r  a s  the 100% Pc run .  

I n  genera l ,  a s  would 

The l o c a l  temperatures  w i l l  be s l i g h t l y  h ighe r  and the  temperature 

d i s t r i b u t i o n  w i l l  be d i f f e r e n t  from the 100% Pc condi t ion ;  however, t hese  d i f f e r -  

ences  are  w e l l  w i th in  design l i m i t a t i o n s ,  t hus  a s s u r i n g  s a f e  opera t ion  of the 

e j e c t o r .  With the except ion of t h i s  tu rbu len t  mixing reg ion ,  t h e  t rend  i s  a s  

expected and ag rees  w e l l  w i t h  the  tu rbu len t  pipe-flow c o r r e l a t i o n  theory .  It 

'A. J .  Ede, "The E f f e c t  of a Right Angled Bend on Heat Transfer  i n  a Pipe," 
I n t e r n a t i o n a l  Developments i n  Heat Transfer ,  P a r t  111, ASME 1961. 
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should be noted t h a t  reduced chamber pressure  reduces t h e  number of shock waves 

b u t  t h a t  t h e  waves t h a t  a r e  present  occur a t  t he  same a x i a l  l o c a t i o n  i n  t h e  duct  

a s  t h e  100% Pc run .  

The method of conversion of s c a l e  model hea t  t r a n s f e r  c o e f f i c i e n t s  
1 

t o  f u l l  s c a l e  va lues  i s  t h e  same a s  prev ious ly  r epor t ed .  

One very important f a c t o r  concerning the  confidence l e v e l  of s c a l e  

da t a  and p red ic t ed  f u l l - s c a l e  r e s u l t s  can be  found by comparing Figures  11-4 
and 11-27. 

i s  a h e a t  t r a n s f e r  curve bu t  each curve has  a s e r i e s  of peaks and v a l l e y s  which 

des igna te s  t h e  l o c a t i o n  a t  shock wave attachment po in t s .  

p re s su re  data  i n d i c a t e  shock attachment p o i n t s  a t  e x a c t l y  t h e  same l o c a t i o n .  

This  v e r i f i c a t i o n  of the  shock s t r u c t u r e  provides  a g r e a t e r  confidence l e v e l  f o r  

t h e  p red ic t ed  f u l l  s c a l e  t e s t  r e s u l t s .  

Figure 11-4 i s  of course a pressure  p r o f i l e  curve and Figure 11-27 

Both temperature and 

C .  SAFETY PURGE 

The e f f e c t s  of o f f  design s a f e t y  purge were d iscussed  a t  some l eng th  

i n  Sec t ion  I I , A , l  and w i l l  no t  be repeated here  except  t o  s t a t e  t h a t  both s a f e t y  

purge chaniber pressure  and t h e n f a c t o r  e f f e c t  o v e r a l l  system performance and 

ope ra t ion .  

Figure 11-29 i s  a p l o t  of a l l  the  da t a  p o i n t s  taken f o r  t h e  1/8- 
and l / h - s c a l e  of f -des ign  s a f e t y  purge t e s t s .  

ment wi th  o t h e r  1 /4-sca le  t e s t  da t a  i n  t h a t  s l i g h t l y  b e t t e r  performance i s  

exh ib i t ed  wi th  t h e  l / h - sca l e  than  with t h e  1 /8-sca le .  

The t rend  of t he  da t a  i s  i n  agree-  

Figure 11-29 shows only one po in t  i n  t h e  s t a r t i n g  t r a n s i e n t  of t h e  

engine; namely, t h e  e j e c t o r  s t a r t  po in t .  It i s  known t h a t n a n d  P w i l l  i n -  

f l uence  t h e  performance of t h e  system throughout t he  engine s t a r t  per iod bu t  

the  exac t  magnitude of t hese  e f f e c t s  i s  unknown. 

sc  

1 
Evalua t ion  Report ,  90’ Turn E jec to r s  f o r  Engine Test  Stand -1, Aeroje t  
Report  No. 2403, November 1962. 
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D .  PRE-FIRE PURGE 

The scale-model experimental  t e s t  r e s u l t s  i n d i c a t e  t h a t  a s a f e  oxygen 

content  ( a  content  of l e s s  than  4% by volume) i s  obtained by purging wi th  approxi-  

mately 1 . 5  e jec tor -sys tem ( inc luding  engine compartment) volumes of n i t rogen .  

Th;:: amounts t o  approximately 1000 l b  of n i t rogen ,  i f  the  e j e c t o r  system volume 

p res su re  i s  1 atmosphere. 

l o c a t i o n s  and o r i e n t a t i o n s  on reducing t h e  oxygen content  i n  semi- i so la ted  a reas ,  

i t  i s  recommended t h a t  s e r i o u s  cons idera t ion  be given t o  t h e  l o c a t i o n  and o r i e n t a -  

t i o n  of t h e s e  nozz les .  A checkout run a t  NTS t o  determine t h e  oxygen content  i n  

var ious  l o c a t i o n s  i n  the  engine compartment (corners ,  t h r u s t  s t r u c t u r e ,  and o t h e r  

semi- i so la ted  a r e a s ) ,  a s  a func t ion  of p r e - f i r e  purge-flow dura t ion ,  i s  requi red  

for s a f e t y  cons ide ra t ions .  

a s su red ,  a s a f e t y  f a c t o r  of a t  l e a s t  2 i s  recommended i n  t h e  amount of n i t rogen  

used f o r  purging. 

Because of t h e  s t rong  dependence of purge nozzle  

Since safe  ope ra t ion  of t h e  e j e c t o r  system must be 

E. ENGINE COMPARTMEIIT TEMPERATURE SURVEY 

Five thermocouples were i n s t a l l e d  i n  var ious  l o c a t i o n s  of t h e  engine 

compartment (F igure  11-30) f o r  t h e  purpose of determining the  e f f e c t s  of t h e  

nozzle  on equipment loca t ed  i n  the engine compartment. Based on t h e  fo l lowing  

model, t h e  h e a t i n g  i s  one of r a d i a t i o n  only.  The fo l lowing  model employs: 

1. Symbols 

( a )  Tv-1 - C e l l  temperature (shown i n  Figure 11-30) 

(b )  

( e )  cp  - Thrust  Chamber 

Tcp - Thrust Chamber Wall Temperature 

(d) v - Engine compartment 

( e )  Q - Heat Flux 

2. Diameter of thermocouple = .06 i n .  

3 .  = emiss iv i ty  s t a i n l e s s  s t e e l  = 0.2 

4. a: = a b s o r b t i v i t y  thermocouple = 1 .0  
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- Angle Factor Thermocouple -D Compartment = 1 .O 

- Angle Factor Chamber -Thermocouple 

FTv-l - v 5. 

6 .  F cp L T v - 1  

AREAm-l - 71D*/4 
- 

271 ro ho 
V 

AREA 

36 
=-) 

D = .06 i n .  

r = 18 i n .  

h = lo7 i n .  

0 

0 

-6 
= .234 x 10 

-4 7. Area of Tv-1 = .785 (36 x = 28.2 x 10 

8. Surface a rea  of thrust chamber = 2nrh = 6.28 (3.5)(104.7) 

= 2.350 x 10 3 

9. Heat Balance 

- 
'cp - 'Tv-1 

*cp Fcp - Tv-1 
4 
Tv-1 

F &Tv-l Tv-1 -v 

cp  Fcp -Tv-1 

4 
- LO(28.2  x 10 )(LO) 

3 
- 

.2(2.350 x 10 ) (  .234 x 10.6) 

= 2.25 
TTv-l - - 

The following tabula t ion  presents  the  r e s u l t s  of Tv-1 and t h r u s t  

) f o r  runs (D280LQ-30 and 34) chamber (T 
C P  

D280LQ- 30 100% Pc 

D280LQ-34 40% Pc 
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Time - 

10 .o 
11.0 

12.0 

13 .o 

15 .o 
16 .o 
17.0 
18 .o 
20 .o 
22 .o 
24.0 
24.7 

14.0 

Run 280 LQ - 30 
493 1291 
571 1327 
599 1340 
612 1365 
621 1386 

632 111-07 
636 1418 

626 1390 

640 1428 
646 1439 
640 1449 
651 1449 
651 1454 

2.619 

2.25 

2.23 

2.23 

2.23 

2.23 

2.23 

2.23 

2.23 

2.23 

2.324 

2.22 

2.24 

RN-S-0099 

Time  - 

8 .O 
8.3 
9 .O 
10 .o 
11 .o 
12.0 

13 .o 

16 .o 
18 .o 
20 .o 
22.3 

14.0 

Run 280 LQ - 34 
552 
540 
552 
5 75 
590 
600 
604 
612 
6.9 
625 
625 
633 

1327 
1333 
13 40 
1344 
1356 
1365 
13 73 
1.3 77 
13 44 
1411 
1432 
1454 

( Tcp/TV-l 

2.40 
2.47 
2.43 
2.34 
2.30 
2.28 
2.27 
2.25 

2.25 
2.26 
2.29 
2.30 

The a c t u a l  temperature  r a t i o s  of t h e  t es t  resul ts  shows good agree-  

ment w i th  t h e  a n a l y t i c a l  model. I n  o rde r  t o  p r e d i c t  f u l l - s c a l e  temperatures ,  it 

w i l l  b e  necessary  t o  know t h e  p rope r t i e s  of t he  m a t e r i a l s  be ing  i n s t a l l e d  i n  the  

engine compartment. 

The su r face  temperature of f u l l  s c a l e  engine i s  r e l a t i v e l y  low (o rde r  

of ambient temperature) ;  t h e r e f o r e ,  hea t ing  problems i n  the  duc t  should be of 

l i t t l e  concern,  due t o  r a d i a t i o n  from the  engine assembly. 
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ENGINE CHAMBER PRESSURE (psia) 

Figure 11-1 

Comparison of Performance Between 
1/8- and l/h-Scale E jec to r  Systems (1O:l Nozzle) 
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@ - 1/8 SCALE Tcp = 6 8 I 0 R , N 2 j  Tsp=515OR,N2; Psc = IIIpsia 

El - 1/4 SCALE Tcp = I499 OR,N2; Tsp = 1308OR,N~ ; Psc = 102 psia 

(VALUES ARE FOR EJECTOR STARTING POINTS) 
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ENGINE CHAMBER PRESSURE ( ps io)  

Figure 11-2 

Comparison of Performance Between 
1/8- and l/4-Scale Ejector Systems (12:l Nozzle) 
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Pressure Profile, Comparison of 1/8- and l/h-Scale Data 
(10:l Nozzle, 40qb Pc) 
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Pressure P r o f i l e ,  Comparison of 1/8- and l/4-Scale Data 
(1O:l Nozzle, 100% P ) 
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F i g u r e  11-5 

Pressure Profile, Comparison of 1/8- and l/lc-Scale Data 
(12:l Nozzle ,  40% P C ) 
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Pressure P r o f i l e ,  Comparison of 1/8- and 1/4-Scale Data 
(12:l Nozzle, 100% P ) 
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NOTES. 
I .  LEGEND 
- PREDICTED FULL SCALE MACH NO. PROFILE 

INSIDE DATA POINTS - 1/8 SCALE 
OUTSIDE DATA POINTS - 1/8 SCALE 0 

0 INSIDE DATA POINTS- 114 SCALE 
A OUTSIDE DATA POINTS - 114 SCALE 

I 

0 80 160 240 320 400 480 560 640 700 

DUCT STATION ( inches 1 

Figure 11-7 

Mach No. P r o f i l e ,  Comparison of 1/8- and l /4 -Sca le  Data 
(1O:l Nozzle, 40% Pc)  
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NOTES. 
I .  LEGEND 

- PREDICTED FULL SCALE MACH NO. PROFILE 
I3 INSIDE DATA POINTS - 118 SCALE 
0 OUTSIDE DATA POINTS - 118 SCALE 
0 INSIDE DATA POINTS - 1/4 SCALE 
A OUTSIDE DATA POINTS - 114 SCALE 
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I 

Figure 11-8 

Mach No. P r o f i l e ,  Comparison of 1/8- and l /b -Sca le  Data 
(1O:l Nozzle, 100% P ) 
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NOTES . 
I .  LEGEND 
- PREDICTED FULL SCALE MACH NO. PROFILE 
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Figure 11-9 

Mach No. P r o f i l e ,  Comparison O f  1/8- and l /4-Scale  Data 
(12:l Nozzle, 40% P ) 
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NOTES. 
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Figure 11-10 

Mach No. Profile, Comparison of 1/8- and l /4-Scale  Data 
(12:l Nozzle, 100% P ) 
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F i g u r e  11-11 

Pressure Tap Locations 
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NOTES. I. COMPARISON OF 114 8 118 SCALE 
2. Pe-2 = NOZZLE EXIT PRESSURE 
3. SEAL LEAKAGE FLOW = 1.50 Ib/sec 
4. SAFETY PURGE AT DESIGN VALUE 
5. Pa = 12.8 psia 
6 RUN NO. 

280-LQ-12 (1/4 SCALE) 
276-LO-110 (I18SCALE) 

10.0 

8 .O 

6 .0  

P(psia) 

4 .O 

2 .o 

0 

0- 114 SCALE DATA POINTS 

0- 1/8 SCALE DATA POINTS 

5.0 10.0 15.0 

4 TURBINE EXHAUST ( Ib/sec) 

Figure 11-12 

Nozzle E x i t  P re s su re  vs Turbine Exhaust 
Flow Rate when Tes t ing  t h e  1O:l Nozzle, 40$ P 

C 

20.0 
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NOTES. I .  COMPARISON OF 114 & 118 SCALE 
2. PV - 2  = ENGINE COMPARTMENT PRESSURE 
3. SEAL LEAKAGE FLOW = 1.50 Ib/sec 
4. SAFETY PURGE AT DESIGN VALUE 
5. Pa = 12.8 psia 
6. RUN NO. 

280-LQ-12 (114 SCALE) 
276 -La- 110 ( 118 SCALE) 

0 

a - 114 SCALE DATA POINTS 

-118 SCALE DATA POINTS 

5 .O 10.0 15.0 

W TURBINE EXHAUST ( I b l s e c )  

Figure 11-13 

Engine Compartment Pressure vs Turbine Exhaust 
Flow Rate when Test ing t h e  1O:l Nozzle, 40% P 

C 
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NOTES I .  COMPARISON OF 114 & 118 SCALE 
2. Pe - 2 = NOZZLE EXIT PRESSURE 
3. SEAL LEAKAGE FLOW = 1.50 Ib/sec 
4 .  SAFETY PURGE AT DESIGN VALUE 
5. Pa = 12.8 psia 
6. RUN NO. 

280-LQ-42 (114 SCALE) 
276 - LQ- 107 (118 SCALE 1 

0 

0 - 114 SCALE DATA POINTS 

0 - 1/8 SCALE DATA POINTS 

5.0 IO .o I5 .O 

W TURBINE EXHAUST (Ib/sec) 

Figure 11-14 

Nozzle E x i t  Pressure  vs Turbine Exhaust 
Flow Rate when T e s t i n g  the 1O:l Nozz le ,  100% P 

C 

20.0 
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NOTES. I. COMPARISON OF 1/4 8 118 SCALE 
2. P v - 2  = ENGINE COMPARTMENT PRESSURE 
3. SEAL LEAKAGE FLOW = 1.50 Ib/sec 
4. SAFETY PURGE AT DESIGN VALUE 
5. Pa = 12.8 psia 
6. RUN NO 

280- LQ - 42 ( 114 SCALE) 
276 - LQ - 107 ( 118 SCALE ) 
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Figure 11-15 

Engine Compartment Pressure  vs Turbine Exhaust 
Flow Rate when Tes t ing  the 1O:l Nozzle, 100% P 
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NOTES. I. COMPARISON OF 114 8 1/8 SCALE 
2. Pe- 2 =NOZZLE EXIT PRESSURE 
3. TURBINE EXHAUST FLOW = 2.17 Ib/sec 
4. SAFETY PURGE AT DESIGN VALUE 
5. Pa = 12.8 psia 
6 .  RUN NO. 

280 - LQ - I7 (114 SCALE) 
276 - LQ - 109 (1/8 SCALE) 

0 - 1/4 SCALE DATA POINTS 

0 -1/8 SCALE OATA POINTS 

0 50.0 75.0 100.0 

W SEAL LEAKAGE (Ib/sec) 

Figure 11-16 

Nozzle Exit Pressure vs Seal Leakage 
Flow Rate when T e s t i n g  the 1O:l Nozzle, 40% P C 



NOTES. 1. COMPARISON OF 114 8 118 SCALE 
2. Pv-2 = ENGINE COMPARTMENT PRESSURE 
3. TURBINE EXHAUST FLOW = 2.17 Ib/sec 
4. SAFETY PURGE AT DESIGN VALUE 
5 .  Pa = 12 .8 psia 
6. RUN NO. 

2 8 0  -LQ - 17 ( 1/4 SCALE) 
276-LQ-109 (l/8SCALE) 

El - 114 SCALE DATA POINTS 

-1/8 SCALE DATA POINTS 

0 25.0 5 0  .O 75.0 100 .o 

W SEAL LEAKAGE ( Ib /sec)  

Figure 11-17 

Engine Compartment Pressure vs S e a l  Leakage 
Flow Rate when Testing t h e  1O:l Nozzle, 40% Pc 
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NOTES. I .  COMPARISON OF 114 01 118 SCALE 
2. Pe-2 = NOZZLE EXIT PRESSURE 
3. TURBINE EXHAUST FLOW = 5 . 6  Ib/sec 
4. SAFETY PURGE AT DESIGN VALUE 
5. Pa = 12.8 psia 
6 .  RUN NO. 

280-LQ-24 (114 SCALE) 
276 - LQ - 108 (I18 SCALE) 

2 5 . 0  

2 0 . 0  
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Figure 11-18 

Nozzle E x i t  Pressure vs S e a l  Leakage 
Flow Rate when Test ing the 1O:l Nozzle, 100% Pc 
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RN-s-0099 

NOTES. I .  COMPARISON OF 114 8 118 SCALE 
2. Pv-2 = ENGINE COMPARTMENT PRESSURE 
3. TURBINE EXHAUST FLOW = 5.61b/sec 
4. SAFETY PURGE AT DESIGN VALUE 
5. Pa = 12.8 psia 
6. RUN NO. 

280-LQ-40 (114 SCALE) 
276 -LQ - 108 (118 SCALE) 

25.C 

2 0 . 0  

1 5 . C  
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Figure 11-19 

Engine Compartment Pressure vs S e a l  Leakage 
Flow Rate when Test ing the 1O:l Nozzle, 100% Pc 
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NOTES. I. COMPARISON OF 1/4 8 1/8 SCALE 
2. Po -2  = NOZZLE EXIT PRESSURE 
3. SEAL LEAKAGE FLOW = 1.50 Ib/sec 
4. SAFETY PURGE AT DESIGN VALUE 
5. Pa = 12.8 psia 
6. RUN NO. 

280 - LQ - 39 (l/4 SCALE) 
276- LQ-100 (118 SCALE) 

10.0. 

8 .O 

6.0 .  

P (psia) 
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0 -1/8 SCALE DATA POINTS 

5 .O 10.0 15.0 
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Figure 11-20 

Nozzle E x i t  Fressure  vs Turbine Exhaust 
Flow Rate when Test ing  the l2:l Nozzle, 40% Pc 

20 .0  
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NOTES. I .  COMPARISON OF 114 8 118 SCALE 
2. Pv - 2  = ENGINE COMPARTMENT PRESSURE 
3. SEAL LEAKAGE FLOW = I .50 Ib/sec 
4. SAFETY PURGE AT DESIGN VALUE 
5. Pa = 12.8 psia 
6. RUN NO. 

280 - LQ - 39 ( 114 SCALE ) 
276 - LQ-100 (118 SCALE) 

20.0 

W TURBINE EXHAUST (lb/sec) 

Figure 11-21 

Engine Compartment Pressure  vs Turbine Exhaust 
Flow Rate when Testing t h e  12:l Nozzle ,  40% Pc 
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NOTES. I .  COMPARISON OF 1/4 8 1/8 SCALE 
2. Pe -2  = NOZZLE EXIT PRESSURE 
3. TURBINE EXHAUST FLOW = 2.4  Ib/sec 
4. SAFETY PURGE AT DESIGN VALUE 
5. Pa = 12.8 psia 
6. RUN NO. 

2 8 0 - L Q - 4 0  (114 SCALE) 
2 7 6 - L Q - 9 9  (118 SCALE) 
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Figure 11-22 

Nozzle Exit Pressure  vs Seal Leakage 
Flow Rate when Testing the  12:l Nozzle, 40% P 
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100.0 
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NOTES. I. COMPARISON OF 1/4 8 1/8 SCALE 
2. P v - 2 ~  ENGINE COMPARTMENT PRESSURE 
3, TURBINE EXHAUST FLOW = 2 . 4  Ib/sec 
4. SAFETY PURGE AT DESIGN VALUE 
5. Pa = 12.8psia 
6. RUN NO. 

280 - LQ -40 ( I  14 SCALE ) 
276 - LQ - 99 (118 SCALE) 

25.0 
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Figure 11-23 

Engine Compartment Pressure  vs S e a l  Leakage 
Flow Rate when Tes t ing  the 12:l Nozzle, 40% P 

C 

3.0 
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FiN-S -0099 

COMPARISON OF 114 8 1/8 SCALE 
Pe - 2  = NOZZLE EXIT PRESSURE 
TURBINE EXHAUST FLOW = 5.59 Ib/sec 
SAFETY PURGE AT DESIGN VALUE 
Pa = 12.8 psia 
RUN NO. 

2 8 0  - LQ - 37 ( 1/4 SCALE ) 
276 - LQ - 98 ( 118 SCALE) 

Figure 11-24 

Nozzle E x i t  Pressure  vs S e a l  Leakage 
Flow Rate when Tes t ing  the l2:l Nozzle, loo$ P 

C 
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NOTES. I .  COMPARISON OF 114 8 1/8 SCALE 
2 .  P v - 2 ~  ENGINE COMPARTMENT PRESSURE 
3. TURBINE EXHAUST FLOW = 5 . 5 9  Ib/sec 
4. SAFETY PURGE AT DESIGN VALUE 
5. Pa = 12.8 psia 
6 .  RUN NO. 

280-LQ-37 (114 SCALE) 
276 -LQ - 98 (1/8 SCALE) 
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a - 1/8 SCALE DATA POINTS 
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Figure 11-25 

Engine Compartment Pressure  vs S e a l  Leakage 
Flow Rate when Test ing t h e  12:l Nozzle, 100% P 

C 

100.0 
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NOTES 
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Figure 11-26 

Thermocouple Locations 



NOTES. 
I. POINTS TAKEN ON IMPINGEMENT SIDE O f  ELBOW 
2. - DENOTES 118 SCALE, 3 o- UPPER LIMIT OF Np 

3.*--.0 MNOTES 1/4 SCALE DATA, N2 AT I O O X R ,  
TEST DATA, 100% Pc, 2511 CONICAL NOZZLE 

1011 CONICAL NOZZLE 
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Figure 11-27 

Normalized Heat Transfer  Coef f i c i en t s ,  
Comparison of 1/8- and l /h -Sca le  Data 



NOTES. 
I. POINTS TAKEN ON IMPINGEMENT SIDE OF ELBOW 
Z.O----ODENOTES 114 SCALE DATA,Nz AT 100% Pc 

10/1 CONICAL NOZZLE 
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Figure 11-28 

E f f e c t  of Chamber Pressure  
on 1/4 Sca le  normalized Heat Transfer  Coef f i c i en t s  
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I 118 SCALE I 
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Figure 11-29 

Off-Design Safe ty  Purge Scale-Model Test  Data 
(1/8- and 1/4-Scale Comparison) 
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Figure 11-30 

Thermocouple Location and Dimensions 
of 1/4 -Scale Engine Compartment 


